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(57) ABSTRACT

A memory includes a memory array, read circuitry, and a
strobe generator. The read circuitry is configured to provide
read data from the memory array in response to a read request,
wherein the read circuitry provides the read data in accor-
dance with a first clock. The strobe generator is configured to
provide a strobe signal with the read data, wherein the strobe
generator provides the strobe signal in accordance with a
second clock. The second clock is out of phase with the first
clock by a phase in a range of 30 degrees to 150 degrees.
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1
MULTIPLE DATA RATE MEMORY WITH
READ TIMING INFORMATION

RELATED APPLICATIONS

This is a continuation application of U.S. patent applica-
tion Ser. No. 13/907,484, having a filing date of May 31,
2013, a common inventor, and a common assignee, all of
which is incorporated by reference in its entirety.

BACKGROUND

1. Field

This disclosure relates generally to multiple data rate
memories and more particularly, with timing information for
aiding in performing a read of data provided by the memory.

2. Related Art

Multiple data rate memories have become very popular,
especially for DRAMs but also other types of memories such
as non-volatile memories. Most commonly they are double
data rate (DDR) memories in which data is provided on both
halves of a clock cycle. In a read of the DDR memory by a
controller, the data is provided by the DDR memory in a burst
of'data that is accompanied by a data strobe signal, sometimes
referenced as a DQS signal, that provides assistance to the
controller in reading the data. This data, arriving at twice the
clock frequency, pushes the limits of being able to be read.
The DQS signal is delayed very carefully by DQS circuitry in
the controller so that the data can be properly read. This DQS
circuitry is typically very critical in achieving effective read-
ing but the circuitry can be sensitive to temperature and volt-
age as well as process variations. Thus, an effective design of
the DQS circuitry can be time consuming and require much
more space than would normally be expected of a delay
circuit. Due to the sensitivity of the DQS circuitry, a process
improvement can actually create reliability problems for this
delay circuit.

Accordingly there is a need to provide further improve-
ment in providing timing for data being read from a multiple
data rate memory.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and
is not limited by the accompanying figures, in which like
references indicate similar elements. Elements in the figures
are illustrated for simplicity and clarity and have not neces-
sarily been drawn to scale.

FIG. 1 is a block diagram of a system having a memory
according to an embodiment;

FIG. 2 is a timing diagram for signals used in the system of
FIG. 1

FIG. 3 is a block diagram of the memory of FIG. 1;

FIG. 4 is a block diagram of a memory that may replace the
memory of FIG. 1; and

FIG. 5 is a portion of a memory controller used in the
system of FIG. 1.

DETAILED DESCRIPTION

In a system having a multiple rate memory and a controller,
the multiple rate memory provides data at a multiple rate of a
clock and also provides a strobe that is delayed in relation to
the beginning of the data. The result is a simpler way to
provide read timing for the read by the controller of data from
the memory. This is better understood by reference to the
FIGs. and the following written description.
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The terms “assert” or “set” and “negate” (or “deassert” or
“clear”) are used herein when referring to the rendering of a
signal, status bit, or similar apparatus into its logically true or
logically false state, respectively. If the logically true state is
alogic level one, the logically false state is a logic level zero.
And ifthelogically true state is a logic level zero, the logically
false state is a logic level one.

Shown in FIG. 1 is a system 10 comprising a memory
controller 12 and a memory 14 which can operate at a mul-
tiple data rate. In this particular case the rate is double the
frequency of the clock. This is common for multiple data rate
memories but quadruple data rate memories may be feasible.
Memory controller 12 reads data from memory 14 and writes
data to memory 14. Memory controller 12 provides clocks to
memory 14 as well as addresses and other control signals. For
writes to memory 14, memory controller 12 provides DQS
signals to memory 14. For reads of data from memory 14,
memory controller 12 receives the DQS signals from memory
14. The clock signals include clock signals C and Cb, which
are the master clock and its complement, respectively. The
clock signals further include phase shift clock PSC and
complementary phase shift clock PSCb. The DQS signals, for
a read include data strobe signal DQS and complementary
data strobe signal DQSb.

Shown in FIG. 2, is a timing diagram for a read operation
showing clock signals C and Cb, phase shift clocks PSC and
PSCb, read data DO, D1, D2, and D3, data strobe signals DQS
and DQSb. Clocks C and Cb and phase shift clocks PSC and
PSCb normally operate without interruption and may be ref-
erenced as free running clocks. In this example there are four
data beats; one each for read data DO, D1, D2, and D3. A data
beat occurs between consecutive edges of clock C and Cb.
Each coincident edge of clocks C and Cb may be referenced
as a picket. Thus a data beat may be considered to be between
consecutive pickets. Read data is provided from memory 14
during a read operation. Data strobe signals DQS and DQSb
operate only during a read operation and are provided from
memory 14 to provide the timing for memory controller 12 to
properly read the read data. When a read is not occurring, data
strobe DQS is at a logic low and complementary data strobe
DQSb is at a logic high. At time t0, as shown in FIG. 2, read
data is just beginning to be sent to memory controller 12 ata
time when clock C is switching from a logic low to a logic
high, complementary clock Cb is switching from a logic high
to a logic low, phase shift clock PSC is a logic low and phase
shift clock PSCb is at a logic high, data strobe DQS is a logic
low, and data strobe DQSb is a logic high.

At time t1, read data DO has had enough time to be in a
condition to be read. This point in time is the beginning of the
setup time for the read. The data must be valid for a sufficient
time to be reliably read. At a time t2, phase shift signals PSC
and PSCb switch logic states. In response to phase shift
signals PSC and PSCb switching states, strobe signal DQS
switches to a logic high, and DQSb signal switches to a logic
low which enables the sensing to begin. In order for sensing to
bereliable, data must be held in a valid condition for sufficient
time. This time is commonly referenced as the hold time. The
hold time provided in this example is from time t2 to time t3.
Attime t3 data DO begins changing to an invalid state. At time
t4, clock C and clock Cb switch states which completes a half
cycle of clocks C and Cb and read data D1 begins to become
active. This also completes one data beat. At time t5, data D1
becomes valid and thus begins the period of setup time for the
reading of read data D1. At time t6, the read begins in
response to data strobe signal DQS switching to a logic low
and data strobe signal DQSb switching to a logic high which
in turn are in response to phase shift clocks PSC and PSCb
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switching to a logic low and logic high, respectively. At time
7, read data D1 is no longer valid and the hold time is over. At
time t8 the data beat is over for read data D1 as clock C
switches to a logic high and complementary clock switchto a
logic low. This completes one cycle of clock C with two data
beats in which read data DO and D1 have been provided to
memory controller 12 and begins the third beat with read data
D3. This is also the beginning of the second clock cycle in
which read data D2 is beginning to develop. At time t9, data
D2 becomes valid and begins the setup time. At time t10, read
data D2 begins being read in response to data strobe signal
DQS switching to a logic high and complementary DQSb
switching to a logic low. The process continues with the
completion of the read of D2 and then the beginning of the
read of read data D3 at time t11 when data strobe signal DQS
switches to a logic low and complementary DQSb switches to
a logic high. The completion of the read of read data D3 is at
time t12 which is when clock C and complementary clock Ch
switch to a logic high and a logic low, respectively. From time
10 to time t12, two complete cycles of clock C and four data
beats are complete.

The timing provided by data strobe signals DSQ and DSQb
provide for precise timing as to when the reading of data
signals DO, D1, D2, and D3 begins. The phase difference
provided is 90 degrees. That is, the rising edge of data strobe
DQS is delayed by one fourth of a cycle, a cycle being 360
degrees, relative to clock C. The data itself is timed relative to
clock C but the sensing of that data needs to be delayed
relative to clock C for reading that data. The 90 degree delay
is provided by memory 14 at the time of transmitting the data
to memory controller 12. The 90 degree phase shift provides
for the setup time and the hold time to be equal which is easily
obtained by having access to the clock, clock C or Cb, which
is used to initiate the transfer of data to memory controller 12.
Thus, with memory 14 transmitting the data with clock C,
then a precise delay of data strobe DQS is relatively simple
compared to establishing a delay based upon receiving a data
strobe that does not have the desired timing at the time of
transmission as has been the case in typical DDR DRAMs
that comply with the relevant JEDEC standard.

Shown in FIG. 3 is memory 14 in more detail showing an
array 18 coupled to a read/write control circuit 20 and a strobe
generator 22 that receives phase shift clock PSC and comple-
mentary phase shift clock PSCb from memory controller 12
coupled to read/write control circuit 20. Array 18 stores the
data that is provided as the read data in response to address/
control signals and clock signals C and Cb provided by
memory controller 12. Strobe generator begins providing
data strobe signals DQS and DQSb in response to read/write
control circuit 20 indicating that read data is to be transmitted
to memory controller 12. When being provided, data strobe
signal follows the edges of phase shift clock PSC with mini-
mal delay. This shows that memory 14 receives both clock C
and phase shift clock PSC from memory controller 12 with
phase shift clock shifted by 90 degrees. This 90 degrees
differential is easily generated by memory controller 12 and
then maintained by both clock C and phase shift clock PSC
being transmitted to memory 14. Data strobe signal DQS is
then generated with phase shift clock PSC to very accurately
have the 90 degree shift. Clock C and phase shift clock PSC
may be generated from a doubled clock C. Because clock C
and phase shift clock PSC traverse paths that are inherently
substantially the same and can be designed to be very closely
the same, the 90 degree phase shift is maintained.

If a different phase shift is desired this same approach can
be used to create and maintain the desired phase shift. For
example, the set up time requirement may be very different
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than the hold time. Thus a 30 degree phase shift may be
desirable if the setup time requirement is relatively short. On
the other hand, a 150 degree delay may be desirable ifthe hold
time requirement is relatively short.

Shown in FIG. 4 is an alternative memory 24 to that of
memory 14 having an array 26 coupled to a read/write control
circuit 28, a strobe generator 30 coupled to read/write control
circuit 28, and a 2x clock generator 32. In this case clock C
and phase shift clock PSC generate a 2x clock 2xc that is
double the frequency of clock C. With clock phase shift clock
PSC 90 degrees out of phase with clock C, 2x clock 2xc can
be easily generated with an exclusive OR circuit. The 2x clock
2xc is useful in developing the double data rate output by
read/write control circuit 28. When read/write control circuit
28 is getting ready to provide data, it signals strobe generator
30 to provide data strobe signal DQS and complementary data
strobe signal DQSb. Data strobe signal DQS is obtained by
having its edges, which alternate between positive going an
negative going, triggered by the negative edges of 2x clock
2xc. Complementary data strobe clock DQSb is simply the
inverse of data strobe clock DQS. The principle is the same in
that phase shift clock PSC and clock C traverse very similar
paths and thus maintain the phase shift that was generated for
them by memory controller 12.

Shown in FIG. 5 is a read circuit 40 that is a portion of
memory controller 12 comprising a buffer 42 that receives
data strobe signals DQS and DQSb and provides a buffered
data strobe signal BDQS to a clock input C of an edge trig-
gered flip-flop 44, an edge triggered flip-flop 46, a read FIFO
48, a read FIFO 50, a multiplexer 52, and a bus interface 54
that has an output coupled to a system bus. Flip-flop 44 has a
data input coupled to receive read data D and an output Q
coupled to an input of read FIFO 48. Flip-flop 46 has an
inverting clock input for receiving buffered data strobe signal
BDQS, a data input for receiving read data D, and an output Q
coupled to an input of read FIFO 50. Multiplexer 52 has a first
input coupled to an output of read FIFO 48, a second input
coupled to an output of read FIFO 50, and an output coupled
to an input of bus interface 54. Read data D may be buffered
as well. The generation of buffered data strobe signal BDQS
may not need both data strobe signals DQS and DQSb.

In operation, read data D is received by flip-flop 44 on the
rising edge of clock C as shown in FIG. 2 at time t0. The read
data D, which is data DO at this stage, is then clocked into
flip-flop 44 at time t2 by the rising edge of buftered date strobe
BDQS. Flip-flop 44 then loads the read data into read FIFO
48. At time t4 the next edge of clock C, which is the rising
edge of complementary clock Cb, read data D is then received
by flip-flop 46. At time t6, buffered data strobe BDQS
switches to a logic low which causes flip-flop 46 to load the
state of read data D1 which then loads read FIFO 50 with the
state of read data D1. This continues until all of the data being
read is loaded into read FIFOs 48 and 50. At such time as the
data is requested to be provided onto the system bus, multi-
plexer 52 alternates between read FIFOs 48 and 50 in provid-
ing the data to bus interface 54 which in turn provides the data
onto the system bus.

As can be seen the reading of data by flip-flops 44 and 46 is
clocked by buftered data strobe BDQS which can provide a
very accurate relationship between clock C and the desired
delay in triggering flip-flops 44 and 46 as a percentage of the
clock cycle. In this example, 90 degrees, which as a percent-
age is 25 percent of a cycle, was chosen as the optimum for
providing the set up and hold times needed by flip-flops 44
and 46.

By now it should be appreciated that there has been pro-
vided a memory including a memory array, read circuitry, and
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a strobe generator. The read circuit is coupled to the memory
array and configured to provide read data from the memory
array inresponse to aread request. The read circuitry provides
the read data in accordance with a first clock. The strobe
generator is configured to provide a strobe signal with the
read data. The strobe generator provides the strobe signal in
accordance with a second clock which is out of phase with the
first clock by a phase in a range of 30 degrees to 150 degrees.
The memory may have a further characterization by which
the strobe generator is configured to transition the strobe
signal at rising and falling edges of the second clock. The
memory may have a further characterization by which the
strobe generator is configured to receive the second clock and
an inverse of the second clock, and is configured to transition
the strobe signal at zero crossings of the second clock and the
inverse of the second clock. The memory may have a further
characterization by which the second clock is 90 degrees out
of phase with the first clock. The memory may have a further
characterization by which the first clock and the second clock
have different frequencies. The memory may have a further
characterization by which the read circuitry is configured to
provide data beats of read data at rising and falling edges of
the first clock. The memory may have a further characteriza-
tion by which the read circuitry is configured to provide
multiple data beats between a rising edge and an immediately
successive falling edge of the first clock. The memory may
have a further characterization by which the read circuitry is
configured to provide the read data to a memory controller
and the strobe generator is configured to provide the strobe
signal to a memory controller. The memory may have a fur-
ther characterization by which the read circuitry is configured
to receive the first clock from the memory controller, and the
strobe generator is configured to receive the second clock
from the memory controller. The memory may have a further
characterization by which the strobe generator is configured
to receive a third clock, wherein the third clock is generated
from a combination of the first and second clocks, and has a
higher frequency than each of the first clock and the second
clock. The memory may have a further characterization by
which the read circuitry is configured to provide the read data
at a first edge type of the third clock, and the strobe generator
is configured to transition the strobe signal at a second edge
type, different from the first edge type, of the third clock,
wherein each of the first edge type and the second edge type
is one of a rising or falling edge. The memory may have a
further characterization by which each transition of the strobe
signal occurs during a corresponding data beat of the read
data.

Also disclosed is a method used in a memory. The method
includes receiving a read request. In response to receiving the
read request, providing read data from the memory array in
accordance with a first clock and providing a strobe signal
with the read data in accordance with a second clock, wherein
the second clock is out of phase with the first clock by a phase
in arange of 30 degrees to 150 degrees. The method may have
a further characterization by which providing the read data
comprises providing data beats of the read data at rising and
falling edges of the first clock and providing the strobe signal
comprises transitioning the strobe signal between a first level
and a second level at rising and falling edges of the second
clock. The method may have a further characterization by
which the second clock is 90 degrees out of phase with the
first clock. The method may have a further characterization by
which providing transitions of the strobe signal at rising and
falling edges of the second clock comprises providing tran-
sitions of the strobe signal at zero crossings of the second
clock and an inverse of the second clock. The method may
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further include combining the first clock and the second clock
to generate a third clock which has a higher frequency than
each of the first clock and the second clock and wherein
providing the read data comprises providing data beats of the
read data at a first edge type of the third clock and providing
the strobe signal comprises transitioning the strobe signal
between a first level and a second level at a second edge type
of' the third clock, different from the first edge type, wherein
each of'the first edge type and the second edge type is one of
a rising or falling edge. The method may have a further
characterization by which the providing the strobe signal with
the read data comprises transitioning the strobe signal
between a first level and a second level during each successive
data beat of the read data.

Disclosed also is a memory system including a memory
controller and a memory. The memory controller is config-
ured to provide a first clock, a second clock, and read requests,
wherein the second clock is out of phase with the first clock by
aphase in a range of 30 degrees to 150 degrees. The memory
is coupled to the memory controller and configured to receive
the first clock, the second clock and the read requests. The
memory includes a memory array. The memory further
includes read circuitry coupled to the memory array and
configured to provide read data from the memory array to the
memory controller in response to a read request, wherein the
read circuitry provides the read data to the memory controller
in accordance with a first clock. The memory further includes
a strobe generator configured to provide a strobe signal with
the read data to the memory controller, wherein the strobe
generator provides the strobe signal in accordance with a
second clock. The memory controller may have a further
characterization by which the strobe generator is configured
to transition the strobe signal at rising and falling edges of the
second clock, and the read circuitry is configured to provide
data beats of read data at rising and falling edges of the first
clock.

Although the invention is described herein with reference
to specific embodiments, various modifications and changes
can be made without departing from the scope of the present
invention as set forth in the claims below. For example, a
different mechanism for generating the gating enable signals
may be used. Thus, where positive edges are described for
triggering an event, negative edges may be used instead.
Accordingly, the specification and figures are to be regarded
in an illustrative rather than a restrictive sense, and all such
modifications are intended to be included within the scope of
the present invention. Any benefits, advantages, or solutions
to problems that are described herein with regard to specific
embodiments are not intended to be construed as a critical,
required, or essential feature or element of any or all the
claims.

The term “coupled,” as used herein, is not intended to be
limited to a direct coupling or a mechanical coupling.
Furthermore, the terms “a” or “an,” as used herein, are
defined as one or more than one. Also, the use of introductory
phrases such as “at least one” and “one or more” in the claims
should not be construed to imply that the introduction of
another claim element by the indefinite articles “a” or “an”
limits any particular claim containing such introduced claim
element to inventions containing only one such element, even
when the same claim includes the introductory phrases “one
ormore” or “at least one” and indefinite articles such as “a” or
“an.” The same holds true for the use of definite articles.

Unless stated otherwise, terms such as “first” and “second”
are used to arbitrarily distinguish between the elements such
terms describe. Thus, these terms are not necessarily intended
to indicate temporal or other prioritization of such elements.
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What is claimed is:

1. A memory controller for interfacing with a memory,
comprising:

address/control terminals, the address/control terminals

configured to address the memory to request read data
from the memory;

clock terminals, the clock terminals configured to provide

true and complementary data clocks to the memory to
request the read data be provided between coincident
edges of the true and complementary clocks;

phase terminals, the phase terminals configured to provide

true and complementary phase clocks to the memory
that are out of phase with the true and complementary
data clocks to aid the memory in generating a strobe
signal; and

data terminals, the data terminals configured to receive the

read data requested from the memory for sensing; and

a strobe terminal, the strobe terminal configured to clock

the sensing in response to the strobe signal from the
memory.

2. The memory controller of claim 1, wherein the data
terminals are connected to a system bus.

3. The memory controller of claim 2, wherein the data
terminals are configured to receive multiple data beats
between a rising edge and an immediately successive falling
edge of the true data clock.

4. The memory controller of claim 1, wherein the true
phase clock is 90 degrees out of phase with the true data clock.

5. The memory controller of claim 1, wherein the true
phase clock and the true data clock have different frequencies.

6. The memory controller of claim 1, further comprising a
read circuit configured to receive the strobe signal and the
read data.

7. The memory controller of claim 6, wherein the read
circuit comprises a flip-flop configured to receive the strobe
clock and the read data.

8. The memory controller of claim 7, wherein the read
circuit further comprises a bus interface having an input
coupled to the flip-flop and an output coupled to a system bus.

9. The memory controller of claim 8, wherein the bus
interface is coupled to the flip-flop through a read FIFO.

10. The memory controller of 9 the bus interface is coupled
to the flip-flop through a read FIFO.

11. A method of operating a memory controller that is for
interfacing with a memory that provides a strobe signal
responsive to true and complementary phase clocks, compris-
ing:

generating by the memory controller, a request for read

data for use by the memory;

providing by the memory controller, true and complemen-

tary data clocks for use by the memory to request that the
read data be provided between coincident edges of the
true and complementary clocks;
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providing by the memory controller, true and complemen-
tary phase clocks for use by the memory that are out of
phase with the true and complementary data clocks to
aid the memory in generating the strobe signal;

receiving at data terminals of the memory controller, the
read data requested from the memory for sensing; and

receiving at a strobe terminal of the memory controller, the
strobe signal from the memory for clocking the sensing.
12. The method of claim 11, wherein the read data signal is
received by a read circuit of the memory controller.
13. A memory controller for interfacing with a memory,
comprising:
address/control terminals, the address/control terminals
configured to request read data from the memory;

clock terminals, the clock terminals configured to provide
true and complementary data clocks to the memory to
request the read data be provided between coincident
edges of the true and complementary clocks;

phase terminals, the phase terminals configured to provide

true and complementary phase clocks to the memory
that are out of phase with the true and complementary
data clocks by a first predetermined amount for use by
the memory to provide a strobe signal out of phase with
the true and complementary data clocks by a second
predetermined amount; and

data terminals, the data terminals configured to receive the

read data requested from the memory for sensing; and

a strobe terminal, the strobe terminal configured to clock

the sensing in response to the strobe signal from the
memory.

14. The memory controller of claim 13, wherein the data
terminals are configured to receive multiple data beats
between a rising edge and an immediately successive falling
edge of the true data clock.

15. The memory controller of claim 13, wherein the first
predetermined amount is equal to the second predetermined
amount.

16. The memory controller of claim 15, wherein the first
predetermined amount is 90 degrees.

17. The memory controller of claim 13, further comprising
a read circuit configured to receive the strobe signal and the
read data.

18. The memory controller of claim 17, wherein the read
circuit comprises a flip-flop configured to receive the strobe
clock and the read data.

19. The memory controller of claim 18, wherein the read
circuit further comprises a bus interface having an input
coupled to the flip-flop and an output coupled to a system bus.

20. The memory controller of claim 19, wherein the bus
interface is coupled to the flip-flop through a read FIFO.
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